Posttraumatic stress disorder (PTSD) as a diagnosis originally developed out of research on the effects of combat exposure on Vietnam veterans. The strong doseresponse relation between severity of combat exposure and PTSD symptoms has been well-documented (Kulka
1991; Roemer, Litz, Orsillo, Ehlich, & Friedman, 1998; Southwick, Morgan, Nicolaou, & Charney, 1997) . These findings have raised questions about the dose-response relation between combat exposure reports and PTSD in Vietnam veterans. That is, the observed dose-response relation between Vietnam combat exposure and PTSD may be subject, at least in part, to recall bias. This study examines the consistency of combat exposure reports and their relation to changes in PTSD symptoms in a large community cohort of Vietnam theater veterans followed over a 14-year period.
Measurement of war-zone exposure relies on respondents' recall of their experiences, usually in response to closed, self-report questions about the presence or absence of various types of combat exposure, often in the form of checklists or a large list of items with fixed response categories (King et al., 2000; Roemer et al., 1998; Southwick et al., 1997) . The reliability and validity of such self-report measures has long been a research issue (King & King, 1991) . A large body of literature has documented the phenomenon of mood-dependent memory whereby an individual's recall of experiences is affected by current psychological state (Cohen, Towbes, & Flocco, 1988) . Because combat exposure checklists often contain subjective items that may be reinterpreted according to the respondent's current psychological state, extension of the concept of current mood based bias to PTSD suggests that the recall of extreme combat exposure events could be biased by current PTSD symptomatology. Specifically, the presence or absence of PTSD could lead to differential reporting of negative past events. Reexperiencing the trauma through intrusive memories is part of the PTSD syndrome; therefore, such memories may be more accessible to individuals with more PTSD symptoms.
We investigated the reliability of combat exposure reporting and its relation to PTSD symptoms in Vietnam theater veterans who participated in a mailed health survey in 1984 and 1998. Identical measures of combat exposure and PTSD were used in both surveys, allowing us to examine changes in combat exposure reporting over 14 years, a period much longer than that examined in other studies. Furthermore, although most studies documenting the dose-response relation between combat exposure reports and PTSD have focused on Vietnam veterans, differential recall has not been studied in this population. One report on reliability of combat exposure reporting found a 6-month test-retest reliability of 0.84, but did not examine differential recall as a function of PTSD symptoms (Janes, Goldberg, Eisen, True, & Henderson, 1992) . Vietnam veterans' wartime experiences were very different from those of the Gulf War or Somali peacekeeping mission, two groups previously reported on with regard to recall bias. The Vietnam War was the longest war in American history (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) , involved many more troops, produced a much higher number of casualties, and received much less public support (Kulka et al., 1990) . In addition, the Vietnam War has been depicted more frequently in the popular media than have these other conflicts.
In this study, we posed the following three questions: What is the reliability of combat exposure reported 14 years apart? Are changes in combat exposure reports associated with changes in PTSD symptoms or presumptive PTSD diagnosis? What is the degree to which changes in combat exposure reports affect the dose-response relation with PTSD symptoms/diagnosis?
M E T H O D Participants
The cohort was originally surveyed in 1984 for a study of the health and well-being of American Legion members (Snow et al., 1988; . The American Legion is the largest veterans' organization in the country, with 2.8 million members. Between 850,000 and 900,000 served during the Vietnam War era, of whom approximately 40% served in the Vietnam theatre of operations. A random sample of 12,000 male members of the American Legion who in October, 1983, belonged to any American Legion Post in Colorado, Indiana, Maryland, Minnesota, Ohio, or Pennsylvania, was drawn from post rosters. Details of the sampling method are described elsewhere (S. D. .
The first wave of the survey (Time 1) achieved a response rate of 56.3%, with 2,860 (42%) having served in the Vietnam theatre. A small number of veterans were found to be ineligible after returning their questionnaires. In 1998, we undertook a methodological study of exposure to herbicides and sought to reconstruct the original cohort to develop an approach for controlling for psychosocial health effects in our herbicide health studies. We made extensive efforts to locate the 1984 random sample, especially those who had dropped their Legion membership in the interim or who may have died. These efforts included use of private tracing firms, online Yellow Pages, commercial name and address listings, accession of military record data from the National Personnel Records Center (U.S. National Archives and Records Administration, St. Louis, MO), and networking within the American Legion. Through these efforts, 8,088 eligible veterans were located.
Time 2 Survey Procedures
In 1998, a second questionnaire, nearly identical to the 1984 version, was mailed to 8,088 cohort members (Time 2) who included both veterans who responded to the Time 1 survey and those who did not. Nonrespondents to the Time 2 survey were followed-up with several repeat mailings and additional inquiries. We received responses from 4,490 men, for a response rate of 55.5%. Of the 4,490, 3,403 responded at both Time 1 and Time 2. The cohort studied in the present analysis consists of 1,462 veterans who (a) returned surveys at both Time 1 and Time 2, (b) served in the Vietnam theater, (c) had reports of combat exposure that could be evaluated, and (d) could be assessed as having PTSD at both time periods.
The Institutional Review Board of the Columbia College of Physicians and Surgeons approved the study protocol, survey instruments, and explanatory cover letters for 1984 and 1998. The cover letter that accompanied the survey explained the purpose of the study and gave assurance that participation was voluntary, that responses would be maintained with strict confidence, and that the subject could withdraw at any time without prejudice. The survey development was described in more detail in previous reports (Koenen, Stellman, Stellman, & Somers, 2003; Snow et al., 1988; . At both times, the questionnaires included items on demographic information and a detailed military service history (S. D. .
Vietnam combat exposure severity was assessed with an eight-question Likert-type scale with five possible responses that has previously been validated in studies of Vietnam veterans (Figley, 1978; Frye & Stockton, 1982; S. D. Stellman et al., 1988) . The questions, covering the extent of enemy fire and life-threatening situational exposures, were summed with a total score ranging from 8 to 40. For these analyses, we use the data provided by the veterans in 1984 (Time 1) because it is closer in time to the events. Internal consistency of the combat exposure was excellent in the current study with Cronbach's alphas of 0.93 in 1984 and 0.95 in 1998. For comparability with our previous report, the scores were categorized as low (8-15), medium (16-25), or high (26-40), with 520 (38%), 566 (41%), and 291 (21%) in each combat category, respectively.
Posttraumatic stress disorder symptoms were evaluated at both times using the 17-item 5-point Likert-type PTSD Symptom Frequency Scale (Snow et al., 1988) developed for the 1984 survey, and following the diagnostic criteria for PTSD as defined by the Diagnostic and Statistical Manual of Mental Disorders, Third Edition (DSM-III ; American Psychiatric Association, 1980) . Veterans were asked how frequently they experienced each symptom in the past month with response options ranging from never to very often. Because the PTSD symptoms from the DSM-III were identical to those in the Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised (DSM-III-R; American Psychiatric Association, 1987), presumptive PTSD diagnosis was determined according to DSM-III-R criteria to make results comparable to other studies of Vietnam veterans (Yehuda & McFarland, 1995) . That is, the veteran must report often or very often to experiencing one symptom in the intrusive reexperiencing cluster, three symptoms in the avoidance/numbing cluster, and two symptoms in the arousal cluster to meet diagnostic criteria.
Statistical Analyses
What is the reliability of combat exposure reporting over 14 years? To examine test-retest reliability, Pearson correlation coefficients were calculated for the association between total combat exposure score at Time 1 and Time 2. As in Southwick et al. (1997) and King et al. (2000) , we calculated four frequency distributions to describe the extent of change in the sample: (a) changes from nonendorsement to endorsement or shifts from never to rarely or more, (b) changes from endorsement to nonendorsement or shifts from rarely or more to never, (c) total number of changes in endorsement, and (d) any changes at all. We then examined whether participants' changes in reporting altered their combat exposure category assignment, e.g., whether they moved from being assigned as low combat in 1984 and were reassigned as high combat in 1998.
Are changes in combat exposure reports associated with changes in PTSD symptoms or presumptive PTSD diagnosis? Pearson correlations were used to test the association between PTSD symptoms at Time 2 and the number of changes in the combat exposure items over time. Next, we tested whether changes in specific PTSD symptom clusters were associated with changes in endorsement. To accomplish this, we used two ordinary least square regression models with difference scores for reexperiencing, avoidance, and arousal symptoms as the independent variables and number of items changed from never to endorsement and endorsement to never as the dependent variables.
Finally, we examined distributions of changes in reporting by PTSD status. For this purpose, participants were classified into four groups according to whether and when they met criteria for PTSD diagnosis: (a) PTSD diagnosis at Time 1 and 2 (n = 78), (b) PTSD diagnosis at Time 1 only (n = 94), (c) PTSD diagnosis at Time 2 only (n = 76), and (d) No PTSD diagnoses (n = 1214). We then conducted a 4 (PTSD Group) × 2 (Time: 1984, 1998) analysis of variance (ANOVA). Time was a within-subjects variable, which tested whether combat reporting significantly changed over time. PTSD group was a betweensubjects variable, which tested whether change in exposure reporting over time differed by groups defined according to PTSD diagnosis. Univariate repeated-measures ANOVAs were conducted to examine change over time within a PTSD group when the Wilks's lambda was significant for the PTSD Group × Time Interaction term. These analyses were conducted for the combat exposure total and each combat exposure item as dependent variables.
The effect size for each group was calculated from the mean change (difference score) in the total combat score from Time 1 to Time 2, divided by the population standard deviation for the observed change in combat exposure total. (Effect sizes: ≤ 0.20 = small, 0.50 = medium, and ≥ 0.80 or more = large; Cohen, 1992) . In this study, mean change was calculated to be consistent with direction, with positive change values corresponding to increased combat exposure reporting and vice versa.
What is the degree to which changes in combat exposure reports affect the dose response relation with PTSD symptoms/diagnosis? We examined the effect of recall bias on the observed dose-response relation between combat exposure reports and PTSD in two ways. First, we treated combat as a categorical variable. We then regressed Time 2 PTSD diagnosis on combat exposure (low, medium, high) evaluated at Time 1, using a binary logistic model. Next, we regressed Time 2 PTSD on categorical combat exposure evaluated at Time 2. We then compared the odds ratios for the association between combat exposure at Time 2 and PTSD at Time 2 with the odds ratios for the association between combat exposure at Time 1 and PTSD at Time 2. This comparison gives a sense of the degree to which changes in combat exposure reports affect the observed dose-response relation between combat exposure and PTSD. We conducted a similar analysis treating combat exposure and PTSD as continuous variables.
R E S U L T S
At the time of the 1998 survey, the mean age was 52 years (SD = 5.38); 98.7% were non-Hispanic White; 75.1% lived with a spouse or partner; 37.4% had a high school education or less, 40.9% had some college, and 20.9% had a college education or more; 68.5% had a family income of over $50,000 in 1998. In terms of branch of service, 63.0% were in the Army, 10.3% the Navy, 10.7% the Air Force, 14.6% in the Marines, and 1.5% did not indicate their branch of service.
Veterans who did not respond at Time 2 were not different on any demographic variables from those who responded. However, those who did not respond in 1998 had slightly lower combat exposure (M = 13.02, SD = 7.48) than those who responded at both times (M = 13.02, SD = 7.48), t(6154) = −2.07, p < .05. Those who did not respond also had higher PTSD symptoms in 1984 (M = 43.72, SD = 13.62) than those who responded (M = 37.37, SD = 14.54), t(2906.60) = −13.69, p < .001.
Reliability of Combat Reports
What is the reliability of combat exposure reporting over 14 years? Scores on the total CES at Time 1 (M = 19.18, SD = 7.89) and Time 2 (M = 19.23, SD = 8.16) were highly correlated, r (1462) = .87, p < .001, indicating excellent test-retest reliability. Table 1 presents the frequency distributions for the type and number of combat exposure changes in the sample. We found that 59.3% of respondents did not change from never to endorsement on any item, whereas 54.9% did not change from endorsement to never on any item. Most individuals made at least one change in one combat exposure item as only 6.3% of individuals responded identically to all items at both time periods. The distribution of respondents in combat exposure categories (low, medium, high) was highly consistent. The majority of respondents (77.2%) did not change combat exposure category. A minority (22.4%) made a one-step category change (e.g., from low to medium or vice versa). Only five individuals changed two categories.
Combat Reports and PTSD
Are changes in combat exposure reports associated with changes in PTSD symptoms or presumptive PTSD diagnosis? The correlations between PTSD symptoms in 1998 and the number of items changed from never to endorsement, r (1, 224) = .03, ns or from endorsement to never were not significant, r (1, 224) = .04, ns. A small but significant association was found between PTSD symptoms in 1998 and the number of items changed from never to endorsement or endorsement to never, r (1, 224) = −.08, p < .01. The association for the number of items changed at all was also significant, r (1, 224) = .30, p < .001. The regression results indicated that increases in reexperiencing (B = 0.02, SE = 0.01, β = .08), but not avoidance (B = 0.007, SE = 0.007, β = .03) and arousal (B = 0.01, SE = 0.008, ß = .05) symptoms were positively and significantly associated with the number of items changed from never to endorsement. Table 2 compares the number of items changed by individuals who did not have PTSD with those who had PTSD at either or both assessments. The proportion of participants in a group who changed at least one item in the combat exposure can be calculated by subtracting the percentage in the first row from 100. Of those with PTSD at both times, 32.1% changed at least one item from never to endorsement. The largest proportion of changes to endorsement was in the PTSD Time 2 only group (46.1%), with the smallest number in the PTSD Time 1 only group (30.9%). The largest proportion of changes from endorsement to never was in the No PTSD group (46.5%) and the smallest number in the PTSD Time 1 only group (35.1%). The respective proportions for the group with PTSD at both times and the PTSD Time 2 group were 39.7% and 40.8%. Wilks's λ = 15.52, p < .001 were both significant. Simple effects analyses indicated that CES total changed significantly for the PTSD at both times ( p < .01; effect size = 0.33), PTSD Time 1 ( p < .01; effect size = −0.34), and PTSD Time 2 (p < .01; effect size = 0.38) groups. The change was in the direction of a decrease for the PTSD Time 1 only group, but manifested as an increase for the other groups. CES total did not change for the No PTSD group (effect size = −0.005). Table 3 presents the difference scores in standard deviation units and repeated measures ANOVA results for each combat item. The Time effect was significant for items 3, 4, and 6. The PTSD × Time Interaction term was significant for all items. Simple effects analysis indicated that the mean score for combat items 3 ( p < .001), 4 (p < .001), 5 ( p < .001), and 7 ( p < .001) increased significantly for the group with PTSD at both times. The mean score for combat items 4 ( p < .05), 5 ( p < .05), 6 (p < .05), 7 ( p < .001), and 8 ( p < .001) decreased significantly for the PTSD Time 1 group. The mean score What is the degree to which changes in combat exposure reports affect the dose response relation with PTSD symptoms/diagnosis? The dose-response relation between combat exposure at Time 2 and PTSD diagnosis at Time 2 was nearly double that at Time 1. Using Time 2 low combat exposure (n = 512) as the reference group, the association between PTSD at Time 2 for medium combat exposure (n = 531) was OR = 5.0 (95% CI = 2.6-9.8), and for high combat exposure (n = 290) was OR = 15.5 (95% CI = 8.1-30.0). Using Time 1 low combat exposure (n = 520) as the reference group, the association between PTSD at Time 2 was for medium combat exposure (n = 566) OR = 3.0 (95% CI = 1.8-5.1), and for high combat exposure (n = 291) OR = 7.0 (95% CI = 4.2-12.0). The linear regression models, where PTSD symptoms at Time 2 were regressed on combat exposure measured continuously at Time 1, yielded B = 0.76, SE = 0.05, ß = .41, p < .001. When we regressed PTSD symptoms at Time 2 on combat exposure measured continuously at Time 2 we obtained B = 0.90, SE = 0.04, ß = .50, p < .001. The differences in the regression coefficients using Time 1 versus Time 2 reports was statistically significant, χ 2 (1, n = 1462) = 4.78, p < .05. However, the effect size of the changes was small; the β increased by 0.09 when Time 2 combat reports are used instead of Time 1 reports. Thus, the effect of changes in reporting on the relationship between combat exposure and PTSD are much less substantial when the continuous measures of exposures and PTSD were used.
D I S C U S S I O N
The results of this investigation show that although combat exposure scores show excellent test-retest reliability over a 14-year period, changes in combat exposure reports occur. Furthermore, such changes are positively associated with changes in PTSD symptoms. Veterans who met criteria for a presumptive diagnosis of PTSD in 1984 but not in 1998 showed, on average, a significant decrease in combat exposure reported, and those who met criteria in 1998 but not in 1984 showed a significant increase. Although the effect sizes for these changes were small, they resulted in a stronger dose-response relationship between combat exposure and PTSD when both were assessed at Time 2. This inflation was particularly marked when combat exposure and PTSD were treated as categorical variables. Such models are inherently less precise than the continuous variable model. Finally, increases in exposure reports were specifically predicted by increases in reexperiencing symptoms. This suggests the presence of intrusive memories of the Vietnam combat experience may drive veterans' reports of exposure. The pattern of a positive association between changes in PTSD status and changes in combat exposure reporting continued when changes in endorsement and frequency of individual combat items were examined. A higher proportion of those who met the criteria for PTSD in 1998, but not in 1984, changed their responses to at least one item from never to endorsement, than those with PTSD at both periods or those with PTSD in 1984 only. Following this pattern, veterans who had PTSD in 1984, but not in 1998 showed significant decreases in the mean responses on five items and those with PTSD in 1998, but not 1984 showed significant increases on six items.
In our study, combat exposure reporting was more consistent (test-retest correlation of .87) than that observed by Roemer et al. (1998; test-retest correlation of .66) and King et al. (2000; test-retest correlation of .61 ). Moreover, a smaller proportion of our participants showed changes in their endorsement of items, 61.3%, than that found previously (e.g., 91.1% in King et al., 2000 and 88.0% in Southwick et al., 1997) . Changes in reporting were more often in terms of frequency (e.g., from rarely to often) than in endorsement. The degree of change in reporting on individual items was also relatively small with changes ranging from .01 to .39 standard deviations. Finally, the great majority of veterans (77.2%) did not change their combat exposure category (low, medium, or high) over the 14-year period.
The previous studies with lower reliability took initial combat exposure assessments within 5 days to one-year following the participants' return to the United States and participants were not Vietnam veterans. Our survey was not conducted until 1984, 10 years or more after our participants returned from Southeast Asia, which was also the case with Janes et al. (1991) , who studied Vietnam veterans and found a high test-retest reliability. It is possible that the largest changes in exposure reporting occur within the first few years of initial exposure when PTSD symptoms are purported to be especially acute. After that time, few changes in recall of exposure may occur, although the different directions of change observed in Time 1 only and Time 2 only groups do not support this argument. Our participants' exposure reports might also have been more consistent due to differences in the nature of the Vietnam experience when compared to that of the Gulf War or Somali peacekeeping experience assessed in previous investigations. Unfortunately, neither objective measures of the actual combat experienced nor baseline measures of combat exposure soon after the exposure occurred are available for our sample. Janes et al. (1991) , however, did validate their responses by comparison with whether or not the respondent received a combat-related war medal.
Finally, certain psychometric qualities of our CES scale might also have contributed to its greater stability over that used by others (King et al., 2000; Southwick et al., 1997) . Scales are designed to provide information on an underlying or latent construct that cannot be observed directly. Scales with multiple items in a Likert-type response format are more reliable than single items or those using a binary response format. Our findings also demonstrate the great difficulty in analyzing individual items within a scale.
Because our data do not provide information on the accuracy of participants' memories of their combat experiences, we cannot know whether these changes produced inflated or more accurate reports. Changes in reporting were positively associated with changes in PTSD symptoms and thus our data suggest that the very symptoms of PTSD most related to the veteran's memory of his combat experiences' reexperiencing symptoms, are most related to increases in exposure reporting. This suggests participants with PTSD had these experiences more readily available to recall when they were filling out the checklist (Tversky & Kahneman, 1973) . Furthermore, a large body of literature has documented that the search for meaning is an important part of recovery from traumatic experiences (Herman, 1992 Janoff-Bulman, 1992 . One aspect of meaning making involves constructing a coherent narrative of traumatic events within the context of the rest of one's life. It is possible that changes in reporting by our participants with PTSD are related to this search for meaning. Another possible explanation for the association between changes in exposure reporting and changes in PTSD symptoms can be found in the literature on mood dependent recall (Cohen et al., 1988) . For example, major depression, a condition commonly comorbid with combat-related PTSD (Kulka et al., 1990 ) is associated with systematic biases in the processing of information that lead to high-frequency estimates of negative events. Another possibility is that although part of the increase at Time 2 is due to experiencing symptoms among those with PTSD, the decrease in exposure reports among those with PTSD at Time 1 may only be because those veterans have recovered from the disorder and have put their Vietnam experiences behind them.
Because the combat exposure reporting over a 14-year period was highly consistent for the overall sample, it appears that the combat exposure measure is a useful instrument for epidemiological studies involving veterans' combat experiences. Changes in exposure reporting, when they occur, are associated with changes in PTSD symptoms and these findings, together with those of previous studies call into question the unidirectional dose-response relationship between exposure severity and PTSD that has been important for the validation of the syndrome. Poor recall per se, which we do not observe, would lead to random error in exposure reports and reduced power to test hypotheses. The small but significant changes in recall observed here are systematically biased in favor of the alternative hypothesis (e.g., that risk of developing PTSD increases with exposure severity) are problematic and can lead to distorted dose-response relationships in the type of cross-sectional research most commonly done in the trauma field.
Our findings have several practical implications for researchers in the field of trauma and PTSD. First, the correlation of changes in PTSD symptoms with changes in exposure reports over time highlights the need for longitudinal studies of trauma survivors. Issues of recall bias are not absent from such studies. However, longitudinal studies have the ability to disentangle exposure and symptom reports as well as to examine within-individual change over time. For example, using data from the same sample as the present study, we examined the association between combat exposure severity assessed at Time 1 and change in PTSD over the 14-year follow-up and found that combat exposure was the strongest predictor of PTSD course in this sample (Koenen et al., 2003) . Second, to improve recall generally, combat assessment in military populations, especially those returning from war theaters, should be done as close in time to the events as possible. Such assessments would also provide a baseline for longitudinal follow-ups. Third, future research might benefit from combining selfreports of exposure with independent sources of data such as military records, contemporary journalists' accounts, and other documents (e.g., Dohrenwend et al., 2006) . Researchers studying the mental health consequences of civilian traumas such as motor vehicle accidents and natural disasters are increasingly employing independent assessments of trauma severity. These assessments include physician's ratings of medical injury severity and reports by key informants (e.g., parents, spouses; see Hall et al., 2006; Saxe et al., 2005) . Such other sources have their own inadequacies and biases. However, their biases are likely to be independent of participants' reports of symptomatology. Ultimately, the trauma field would be advanced if better record keeping and quantitative objective measures of combat trauma were available.
